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Description 

FIELD OF THE INVENTION 

5 [0001] The present invention relates to thermal barrier coating systems tor nickel-based and cobalt-based superaJ- 
loys. 

BACKGROUND OF THE INVENTION 

10 [0002] Thermal barrier coating systems of various types are wefl known in the gas turbine engine industry as one 
means for protecting nickel-based and cobalt-based superailoy components, such as turbine baldes and vanes, from 
oxidation and corrosion .during engine operation. 

[0003] One type of thermal barrier coating system involves depositing on the superailoy component (substrate) to 
be protected an MCrAlY metal alloy overlay where M is iron, nickel, cobalt, or a combination thereof, oxidizing the 
1$ metal alloy overlay to form an alumina layer in-situ on the bondcoat, and then depositing a ceramic thermal barrier 
layer having columnar morphology on the alumina layer. Such a thermal barrier coating is described in U.S. Patents 
4 321 310 and 4 321 311. 

[0004] Another type of thermal barrier coating system exempfified by U.S, Patent 5 238 752 involves forming on the 
superailoy component (substrate) to be protected a high aluminum, atomicafly ordered intermetallic compound as a 

20 bondcoat. The intermetallic compound comprises, for example, equiatomic nickel aluminide (NiAl) having an Al content 
of 31.5 % by weight or platinum modified nickel aluminide known commercially as Chromaitoy RT-22 having a high 
aluminum intermetaflic NiAl Al matrix and including PtA^ phases in the coating microstructure. The intermetaflic com- 
pound bondcoat is oxidized to form a thermally grown alumina layer in-situ thereon, and then a ceramic thermal barrier 
layer having columnar or other morphology is deposded on the alumina layer. 

2$ [0005] StiB another type of thermal barrier coating system exemplified by U.S. Patents 4880 614and5 015502 
involves forming on the superailoy component (substrate) to be protected a metallic bondcoat which may comprise an 
MCrAlY metal aitoy overlay or a diffusion aluminide layer predominantly composed of aluminum mtermetailic (e.g. NiAl, 
CoAI. and (ffi(Co)AI phases) which may be modified with Pt, Si. hi, Cr, Mn, Ni, Co, Rh, Ta, Nb, and/c* particulates, 
chemical vapor depositing (CVD) a high purity alpha alumina layer on the metallic bondcoat. and depositing a ceramic • 

30 thermal barrier layer on the CVD alpha alumina layer 

[0006] In the manufacture of thermal barrier coating systems, the ceramic thermal barrier material, such as yttria 
stalized zirconia. has been applied to the bondcoat by plasma spraying wherein coating adherence is promoted by the 
roughness of the bondcoat. Controlled porosity and microcracking within the ceramic thermal barrier layer accommo- 
dates strain developed due to the differences in thermal expansion coefficients between the ceramic and the substrate 

35 superailoy. Atematery, ceramic thermal barrier material has been appfied to the bondcoat by physical vapor deposition 
(PvD), such as sputtering and electron beam evaporation, under conditions to produce a columnar morphology (le. 
independent ceramic columns) in the ceramic thermal barrier layer. This columnar morphology organizes the coating 
porosity between the columns to accommodate strain from thermal expansion mismatch between the substrate and 
ceramic thermal barrier layer. 

40 [0007] An object of the present invention is to provide an improved thermal barrier coating system for use on gas 
turbine engine and other superailoy components or articles operating at elevated temperatures where oxidation and 
corrosion protection is needed. 

[0008] Another object of the present invention is to provide a thermal barrier coating system by an improved method 
which results in advantages in the manufacture of thermal barrier coating systems. 

4$ 

SUMMARY OF THE INVENTION 

[0009] The present invention provides a thermal barrrier protected nickel based or cobalt based superaDoy compo- 
nent, and method of making same, for use in a gas turbine engine wherein the thermal barrier coating system includes 
so a mutti-layered structure. The first bondcoat layer of the thermal barrier coating system comprises a chemical vapor 
deposited, platinum modified diffusion aluminide layer on the superafloy component (substrate). The diffusion aluminide 
layer includes an inner diffusion zone proximate the substrate and an outer layer region comprising a platinum modified 
(platinum-bearing) intermediate phase of aluminum and at least one of nickel and cobalt depending on the superailoy 
composition. 

55 [00/10] For example, for nickel based superailoy substrates, the intermediate nickel-aluminum phase resides in the 
beta solid solution intermediate phase region of the b retry nickel-aluminum phase diagram. For cobalt based superailoy 
substrates, the intermediate phase resides in the zeta phase region oTthe binary cobalt-aluminum phase cfiagram. The 
intermediate phase is a solid solution having a range of compositions and is substantially free of other phase constit- 
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uente. The intermediate phase has an average aluminum concentration (through the outer layer region thickness) in 
the range of about 1 6 to about 28 % by weight, an average platinum concentration (through the layer thickness) in the 
range of about 8 to about 35% by weight, and an average nickel concentration (through the layer thickness) in the 
range of about 50 to 60% by weight and is non^toichiornetric relative to intermetallic compounds of aluminum and 
5 nickel, aluminum and cobalt, or aluminum and platinum. For example, the intermediate phase is hypostoicfuometric in 
aluminum relative to the intermetallic compounds AINi and employed heretofore as bondcoats in thermal barrier 
coating systems. 

[001 1 ] The platinum modified diffusion aluminide layer preferably is formed by depositing a layer of platinum or alloy 
thereof on the substrate and chemical vapor depositing aluminum on the platinum covered substrate under high tem- 

10 perature and low aluminum activity conditions to form the inner diffusion zone and the outer intermediate phase region. 
[0012] An adherent alumina layer is thermally grown on the diffusion aluminide layer by, for example, oxidizing the 
outer layer region in a low partial pressure oxygen atmosphere at a temperature greater than about 982.2*C (1 800°F) 
that promote in-situ formation of alpha alumina. The thermally grown alumina layer receives an outer ceramic thermal 
barrier layer thereon, preferably deposited by electron beam evaporation of ceramic thermal barrier material and con- 

is densation on the alumina layer. 

[001 3] The Invention is advantageous In that a kinefcrJy stable diffusion aluminide layer is produced by a long time 
CVD exposure at high temperature/low aluminum activity to produce a diffusion aluminide layer with an intermediate, 
non-stotchkjmetric single phase mcrostructure formed at the outer layer region on top of which the alumina layers and 
ceramic thermal barrier layer reside. The spallation of the ceramic thermal barrier layer is improved signfcantly as 

20 compared to thermal barrier spallation on a like substrate having a two-phase (stoichiometric NiAl plus PtAfe interme- 
tallic) ptatinum modified diffusion aluminide bondcoat {**e aforementioned RT22 aluminide) with a thermafly grown 
alumina layer between the bondcoat and the thermal barrier tayer> .3 ^ : . 

DESCRIPTION OF THE DRAWINGS . C - ' < 

25 - ^ • ^ '■ " • .a -.J - r * - • 

[0014] Rgurel isascanningelec^ s 
with an embodiment of the present; invention.. ,.o!«c ;>w^^v' ^ . . - 

[0015] Rgure 2 is a phase diagram for the binary nk*e*^rrmum system. : > 

[001 6] Rgure 3 is similar to Figure 1 but marked to irxicate how chemical analyses were conducted for Af, Pt. and 
30 Ni in the bondcoat by microprobe using wavelength dispersive spectroscopy. 

[001 7] Rgure 4 is a schematic diagram of ceramic themial barrier coating apparatus that can be used in practicing 
the invention, --v. - r * . ^ ; ~ "'* r *-' 

DESCRIPTION OF THE INVENTION , ; ^ : -^v. ; v * t:A., T-r.. . 

3S • - . - \i . " ^^r^5 l . - ~ v.v .* v ' 

[0018] Figure 1 is a scanning electron micrograph of a diermal bamier protected nickel-based supera^ 
in accordance with an embodiment of the present inverton. As is apparent, the thermal barrier coating system com-' 
prises a multi-layered structure comprising a first bondooai layer designated MDC-1 SOL in Rgure 1 , a thermaly grown . 
alumina layer on the bondcoaVanda ceramic thermal barrier layer designated EB-TBC on the thermally groan alumina . 

40 layer i .•• ~ : . •■ • ;/ - * i > r . * . > 

[0010] The present invention can be used with know nickel based and cobalt based superalloy substrates, which ^ 
may comprise equiaxed, DS (directonalfy solidiTied) and SC (single crystal) castings as well as other forms of these . 
superalloys. such as forgings, pressed superafloy powder components, machined components, and other forms., For 
example only; the examples set forth below empk^y the well knpwn.Bene' alloy N5 nickel base superalloy having a 

45 composition erf Nh7;0% Cr- 6.2%;AI-7.5% Cor6.S% Ta-1£%-Mc^6% W-a0% Re-0.15% Hf-0.05% O0.018%.Y (%% , 
by weight) used for making SC turbine blades and vanes. Other nickel base superalloys which can be used include. - ■ 
but are not Bmfted to, MarM247, CMSX-4, PWA 1422. PWA 1480, PWA 1484, Rene' 80, Rene' 142. and SC 180. Cobalt w . 
based superalloys which can be used include, but are not limited to. FSX-41 4, X-40, and MarM509. ; 
[0020] The bondcoat layer designated MDC-1 50L comprises a chemical vapor deposited, platinum modified diffusion . 

so aluminide layer on the Ni-based superaltoy aubstrateuTh© dHusion akirr^ includes an nrmer^cfiffusion zone , < c 

proximate the nickel base superalloy subsuste t 3^ comprising a platinum rTxxfmed {fMalirttffT>7- : ^ . > 

bearing) intermediate phase of aluminum and nk^l (or cobalt dep^xftng on the superafloy conpositkan) , The overall - 
thickness of the bondcoat is inthe range of about 38.1 to aboutftfe^rnicrometers (1 .5 to 3.0 misU : pi' e * ^ 
[0021] f onexamplQ; forrnickel based superalloy substrates, the intermediate nbkel^uminum phase resides in the ■ 

ss beta sofid sdUitipn|n^ phase region of the;brary nk^l^urrunum phase diagram shown in Rgure 2. For 'H - ; 

cobalt based superaJloy substrates^lthe intermediate ph^ resries in the zeta phase region of the binary cobalts , r 
aluminum phase diagram whic*!tcan be found in Binary Afloy Phase-Diagrams, American Society of Metals, BortoNrH 
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and is substantially free of other phase constituents (I.e. minor amounts such as less than 5 volume % of other phases 
may occur in the mksrostructure). 

[0022] The intermediate phase has an average aluminum concentration (through the layer thickness) in the range 
of about 18 to about 28 % by weight, an average platinum concentration (through the layer thickness) in the range of 

5 about 8 to about 35% by weight, and an average nickel concentration (through the layer thickness) in the range of 
about 50 to 60% by weight and is nocvstoichiometric relative to intermetallic compounds of aluminum and nickel, alu- 
minum and cobalt, and aluminum and platinum. For example, the intermediate phase is hypostoichiometric in aluminum 
relative to the intermetallic compounds AINi and AJ^ employed heretofore as bondcoats in thermal barrier coating 
systems. 

10 [0023] When the substrate is first platinum plated followed by CVD aluminizing. the aluminum and platinum concen- 
trations in the intermediate phase layer are graded such that the aluminum concentration is highest at an outer surface 
of the outer layer region and the platinum concentration Is highest proximate the inner diffusion zone. The nickel con- 
centration decreases from the outer surface toward the dffusion zone. 

[0024] The platinum modffied diffusion aluminide layer preferably is formed by deposing a layer of platinum or alloy 
15 thereof on the substrate and chemical vapor depositing aluminum on the platinum covered substrate under high tem- 
perature and low aluminum activity concfittons described in US 5,658,614 to which reference is hereby made with 
respect to CVD formation of the platinum mocfified diffusion aluminide layer. The deposition conditions are controlled 
to form the inner diffusion zone Z of 'FHgfura t and the buter Irrtermediate single'phase region P of Rgurcfcl as an additive ~ 
region to the nickel based superaltcy substrate by virtue of outward diffusion of substrate nickel and other substrate 
20 alloying elements. Other elements-may be added to the bondcoat during CVD formation, for example, such elements 
as Si, Hf, Y, and other Lanthanide and Aetirude series elements with favorable chtorination thermodynamics can be 
added to the layer as disclosed in the aforementioned US 5,658,614. -^*\ 

[0025] For example, generally, the substrate is electroplated with a 9-11 miffigramfcentimeter squared platinum layer 
(e.g. 50.8 micrometers (2 mil) thick Pt layer) and then subjected, without a Pt prediffuskm treatment, to CVD aluminizing - 

6 at a substrate temperature greater than 1000 °C (e.g. 1080 °C) and contacting a high purity coating gas mixture com- 
prising hydrogen carrier gas (lese fran 30 parts per billion impurities) and aluminum trichloride gas (less than 25 parts * ■ ' 
per million impurities) that result in a decrease in the concentrations of deleterious substrate substitutional alloying 
elements, such as W. Cr, Ti, and Mo, and surface active tramp elements, such as B. R and S. * * - - -~ - 

[0026] A typical CVD coating gas mature comprises 9 volume % aluminum trichloride and 91 volume % hydrogen 
30 at a flow rate of 8,495 m^/min (300 scfm). More generally, me aluminum trichloride gas typicaOy does not exceed 10 - A 
volume % of the coating gas rrixture, arid preferably is in the'range of 4 to 6 volume % of the coating'gas mixture. The **- ' a 
coating gas flow rate typically is withini the range of 5,663 to 11,327 mPfrtm (200 to 400 scfm). As mentioned, the> - 
substrate temperature is greater than 1000 *C. 

[0027] Coating gas mixture tor forming the bondcoat can be generated by passing high purity hydrogen (less than ~ 
as 30 ppb knpurities) and high purity hydrogen chloride (less than 25 ppm impurities) in mixture of hydrogen/1 3 volume 
% HCI over a 99.999% pure source of aluminum at 290 ?C as set forth in the aforementioned US 5,658,614. * 
[0028] The thin adherent alpha aluT^ layer is mermally grown on the cBfusion aluminide layer designated MDO " 
ISOL urxler <^drtions effective to f^^ 

alumina. For example, the diffusion alumirikle teyfer is oxidized m a low partial pressure oxygen atmosphere, such as 

40 a vacuum less than 1 torr, or argon or hydrogen partial pressures having oxygen impurities at temperatures greater 

than about 982.2»C (i80P^4harpramatf alpha phase^aiumlrcL The -thlckhess'bf the?a*>ha~ r * 

alumina layer is in the range of etibut0.01«to 2 mk^ometers. *• • " ~» * — ^ 
[0029] For purposes of illustration, the alpha alumina layer can be formed iueitu by evacuating a vacuum furnace 
to1 X 1 0* torr and backfiling with argon having oxygen impurities to 10torr, ramping the substrate having the platinum 

45 modified diffusion alum^ide layer thereof r 
room temperature for removal fromlhe^fumacer, v v ■ - v ". — - is.r v. r 

[0030] The thermally grown alpha alumina iaye^Teceives an outer ceramic thermal barrier layer designated EB-TBC 
in Rgure 1. In one embocfimerrt'of the invention, the ceramic thermal barrier layer can be deposited on the ajpha 
alumina layer by electron beam physical vapor deposition apparatus shown schematically In Figure 4 wherein a source 

so (e.g, ingot feeder in' Rgure 1 ) of ceramic thermal barrier material Is evaporated by electron beam heating from the 
electron beam gun aid condensed on the alpha<a1unruna layer of the substrates) S pdsitoned and rotated in a coating 
chamber typically dbcve the spun»^^ i f V 

[0031] For example, the toadin^^ ^ r 

first evacuated to below 1x4^^ 

SB to 954.4°C (1750tF) in the toe^g/prel^c^^ an electron beam (power level of 65 kW) 

from the electron beam girtisscanned<(rate^ I of yttrtastabfized zhcoriiai<or ctfier thermal^ * .v>- 

barrier ceramic material) fid Evaporate it The^lectron beahvscans the^ingot at an angteto wok* the substrates and ■ r#*w? f 
back reflection of me be^;Fdr z * rt '- 
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a pressure of 1 -20 micrometers ensuring a deposition of a while near-stoichtometric yttria stablized zirconia deposit is 
formed on the alumina. To minimize heat loss, the preheated coated substrate(s) S then is/are rapidly moved on the 
shaft from the loading/preheat chamber to a coating position in heat reflective enclosure E in the coating chamber 
above the ingot I. The enclosure includes an opening for the electron beam to enter. The substrate is rotated by the 
5 shaft at a speed of 30 rpm about 27.94 cm (11 inches) above the ingot, although the spacing can be from about 
25.4-38. 1 cm (11 -1 5 inches). Deposition is conducted for a time to produce the desired thickness of ceramic thermal 
barrier layer. Typical thickness of the thermal barrier layer is in the range of 101.6 to 304.8 micrometers (4 to 12 mils 
or 0.004 to 0.01 2 inch). 

[0032] The present invention is not limited to forming a thermal barrier layer having columnar grain microstructure 
io shown in Figure 1 . Other thermal barrier layer structures may be employed. For example, a plurality of alternating thin 
layers of yttria stablized zirconia and alumina (each approximately one micrometer thick) can be electron beam PVD 
deposited on the alumina layer as the thermal barrier layer. The number of individual ceramic layers can be controlled 
to provide a desired thermal barrier layer thickness. 

[0033] For purposes of illustration and not limitation, substrate specimens of a thermal barrier protected Rene* alloy 
is N5 substrate were made pursuant to an embodiment of the invention for cyclic oxidation testing. The specimens were 
25.4 mm (one inch) in diameter and 3. 1 75 mm (0. 1 25 inches) in thickness and were ground flat and then media finished 
with polishing stones to round sharp edges. The. bondcoat designated MDC-150L was formed using the following 
parameters: . 

20 substrate temperature: 1079.4 °C (1975 °F) 

coating gas: 7,9287 m 3 per hour (280 cubic feet per hour) hydrogen and 0.34 m 3 per hour (1 2 cubic 

feet per hour) of HCI to generate AICI3 from the aforementioned high purity alum inum bed 

2S coating gas ftow rate: 8.268 m 3 per-hour,(292 cube feet perhour) _r 

for a coating time to yield an MDC-1 50L coating thickness of 61 to 66 micrometers (2.4 to 2.6 mils) on the substrate 
specimens. ^ : ^* :> . 

[0034] The alpha alumina layer was formed on the bondcoat coated specimens by heat treating in an argon envi- 
30 ronment by first evacuating a vacuum chamber to 1.33 1CH Pa (1 X 10" 6 torr) and backfilling to 1.33 10 3 Pa (10 torr) 
with shop argon having sufficient oxygen impurities to form alumina at temperature, ramping the substrate to temper- 
ature of above 982.2*0 = 1800°F (e.g. 1051 67^C = 1 925*F). holding at temperature lor one hour, and cooling to room 
temperature for removal from the furnace. y-w/. 

[0035] Eight substrate specimens next were attached on the rotatable shaft of the aforementioned electron beam 
35 PVD coating apparatus in the loacfing/preheat chamber. The chamber was evacuated 1 0" 4 torr and the substrate spec- 
imens heated to 960°C (1760 # F). Once the specimen temperature had equilibrated, the specimens were translated 
on the shaft into the coating chamber. Priorto movement into thecoatirig chamber, the coating chamber was stabilized 
to achieve an oxygen pressure of 6-8 micrometers at 1 077°C (1970*F) whfle lhe electron beam at a power level of 65 
kW was scanned at a rate of 750 Hertz across a 7-8 weight % yttria etabflized aragni^ ingot. The specimens were 
40 rotated at 30 rpm over the molten ceramic pool in the vapor ctbudjotf 9 minutes to deposit a 106.7 to 11 1 .8 micrometers 
(4.2 to 4.4 mO) thick columnar yttria stabS^ zirconia coating oft the alpha alumina layet 

[0036] A typical microstructure of the thermal barrier coatng system so formed is shown ki Figure 1 and described 
hereabove. As is apparent, the thermal barrier coating system comprises a multi-layered structure comprising the first 
bondcoat layer designated MDC-150L. the. thermally grown aJiimina layer on the bondcoat, and the ceramic thermal 

46 barrier layer designated' E&TBG : 

[0037] Table I below sets forth AfcPt, and Ni average concentrations through the thickness of the bondcoat for several 
alloy N5 substrate, specimens wfth tie thermal barrier layer. * - ■ 

[0038] The alloyant corrontrations were measured by a microprobe using wavelength dispersive spectroscopy 
wherein a electron beam is controlled to form a box pattern or shape approximately 5 micrometers by 5 micrometers 

so in dimension from which X-rays characerisuc of the elements present are emitted and analyzed. A line of usually 5 
such analysis boxes was used to to mate measurements from the top of the bondcoat progressively toward the diffusion 
zone Z through the bondcoat thickness (e.g.jae Figure 3). • r " * j_ . _ 

[0039] The data for each of Al t Pt arvf Ni frbm r eiach|ar^ t^-weni ^ averaged for each One. This measuring 
technique was repeated at five dMerem toemkxts (at five different electron beam lines) on &» bondcqaLThe averaged 
as data for each different line or kxsedk^fifl ^jS*et fortfi irrtable I along witt me average date for aO lines and all data 
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TABLE I 



TBC 


Average Wl % 


Mfkjnt Ma 

BBSCL 

GUQCuL 

At 

a 

m 

Others 

71288 

N6 

1-27 

21.5 

15.6 

54.1 

8.8 

#1 




21.3 

15.6 

54.6 

8.5 

# 2 




Zl.B 

15.9 

55.1 

7.4 

# 3 




<M C 
Z1.S 

16.4 

54.1 

8.0 

# 4 




Z 1.4 

16.6 

54.8 

12, 

# 5 



Average 

21.5 

16.0 

54.5 

8.0 




Minimum 

19.9 

14.0 

52.1 





Maximum 

22.8 

17.6 

57.3 



71285 

N5 

1-27 

22.1 

15.5 

53.4 

9.0 

#1 




22£ 

19.8 

54.5 

72 

#2 


<J 


22.7 

16.0 

-54.6 

7.5 

# 3 




222. 

162 

53.6 

40 

#4 




223 

16.8 

54.0 

7.7 

# 5 



AveT3QQ 

22.4 

15.9 

54.0 

7.7 




mminuR) 

20.9 13.3. 

5i:9 





Maxkmsn 

■24**17** 

57.4 



71284 

US 

1-27 

T *23l6 

15.4 'Mf*fA- 

#1 




22.4 

146 

53.5 

7.5 

#2 



. * „:rr .'■ 

c 22.6 

14'4 

•54i0 

7,0- 

# 3 




2ZS 

16.7 

53.6 

7.0 

#4 




,2Z3 

17.7 

532 

48. 

# 5 



Average 

22.8 

.146 

53.8 

™ 




Minimum 

2as l'i.9 

51I1' 





Maximum 

243 

19.3 

548 













AflO*ta 







Avemg* 

Minimum 

Iftsdmunt 


Avef^WI.% 

22Jt 16.2, 54.1 
18.9 llj 51.1. 
2*3 1M 58.8 ; 
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[0040] The specimens were tested in a 1135*C (2075" F) cyclic ooodat ion test where the thermal barrier protected 
specimens of the invention were subsjected to test cycles each 60 minutes in duration consisting of a 11 35 9 C (2075'F) 
exposure for 50 minutes in air followed by 10 minutes of ^coofing in air to below 149°C (300°F)- The following Table II 
summarizes the cyclic oxidation testing. For comparison, thermal barrier spallation on a like Alloy N5 substrate having 
a two-phase (stoichiometric NiAl plus PtAfe tntermetalOc) platinum modified diffusion alurranide bondcoat (the afore- 
mentioned RT22 aluminide) with a thermally grown alumina layer between the bondcoat and the thermal barrier layer 
is shown h Tabled. ->*■ • ^ :„ r - " 

TABLE II v - - ' ' 



Ca^to*€|SaM^ • u r 


Bondcoat - * . f 

Jests 

^ve. Cycles to Failure . 


MDC-150L 

3 

620 


Prior Art (Platinum Alumihide). 

10 

380 
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[0041 ] It is apparent that the thermal barrier coating system of the specimens of the invention exhibited spallation of 
the yttria stabilized zirconia layer after an average of 820 cycles as compared to to only 380 cycles to spallation for 
the comparsion specimens outside the invention. 

[0042] The invention is advantageous in that a thermally stable diffusion atuminide layer is produced by high tern- 
5 perature/low aluminum activity/relatively long time CVD exposure to produce an outward diffusion aluminide layer with 
an intermeciate, rxxi-stoichimetric single phase mtcrostructure formed at the outer layer region on top of which the 
alumina layer and ceramic thermal barrier layer reside. 

[0043] As it becomes obvious from the foregoing description, preferred embodiments of the inventive article have a 
thermally grown alpha alumina layer on the aluminide layer. 


75 


35 


40 


Claims 

1. An article for use in a gas turbine engine, comprising: 


a substrate comprising at least one of a nickel based superalloy and cobalt based superalloy, 
a chemical vapor deposited, dJfusion alunvnide layer formed on the substrate, said aluminide layer having an 
outer layer region comprising a solid solution intermediate phase and having an inner diffusion zone region 
proximate the substrate, said intermediate phase having an average aluminum concentration in the range of 
20 about 1 8 to about 28% by weight, an average platinum concentration in the range of about 8 to about 3$% by 

weight, and an average nickel concentration in the range of about 50 to about 60% by weight so as to be norv 
stoichiometric relative to intermetaltic compounds of aluminum and nickel, aluminum and cobalt, or aluminum 
and platinum, said outer layer region being substantially free of phase constituents other than said intermediate 


25 an alumina layer on the aluminide layer, and 

a ceramic thermal barrier layer on the alumina layer. - 

2. The article of claim 1 , wherein the substrate is a nickel based superalloy and said intermediate phase resides in 
the beta solid solution intermecfiale phase region, of the binary nickel-aluminum phase diagram. >r , 

3. The article of claim 1 , wherein the substrate is a cobalt based superalloy and said intermediate phase resides in - 
the zeta phase region of the binary cobalt-aluminum phase diagram 

4. The article of claim 1 , wherein said outer layer region is about 2.54 to 76.2 micrometers (01 to 3.0 mils) in thickness. 


5. The article of claim 1 , wherein said ceramic thermal barrier layer comprises a columnar microstructure. 

6. The article of claim 1 , wherein said ceramic thermal barrier layer comprises alternating layers of ceramic thermal ~ 
barrier material. v ~ r 

7. The article of claim 1 , wherein the ceramic thermal barrier layer comprises yttria stabilized zirconia 


8. The article of claim 1 , wherein the aluminum concentration of said intermediate phase is highest at an outer surface 
of said outer layer region and said platinum concentration of sakJ interTnediale phase is highest proximate the ? 

45 diffusion zone. . t r, . > <Z ' r. r:..- :l >v.* - --v 

• ; - • / ' - • • f ■ 

9. An article for use in a gas turbine engine, comprising: , <^.> \ifc 

a nickel base superalloy substrate, - . > t . . ^ 

so a chemical vapor deposited, diffusion aluminide layer formed on the substrate, said aluminide layer having an . 

outer layer region comprising a ncket-alumrium solid solution intermediate beta phase and anjtnner.diffusion , 
zone region proximate the substrate, said intermediate phase having an average aluminum concentration in 
the range of about 18 to about 28%by weight, an aypia^e 

about 35% by weight, and an average nickel aincentrationiin the ra^ge qfjabout 50 to about 60% by, weigfit;** 
55 so as to be non^oichiometric relative to intermetaQic compounds of aluminum and nickel and of aluminum i^ : 

and platinum, said outer layer region being free of phase constituents other than said intermediate beta phase, 
a thenTiafly 'grown £^ < ,-c*c ' . •> <tr> * - i. 

a ceramic thermal barrier layer vapor, deposition the^ 
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1 0. The article erf claim 7, wherein said outer layer region is about 2.54 to 76.2 micrometers (0.1 to 3.0 mite) in thickness. 

11. The article of claim 7, wherein the ceramic thermal barrier layer comprises yttria stabilized zirconia. 

5 12. A method of forming a thermal barrier coating on a substrate that comprises at least one of nickel based superalloy 
and cobalt based superalloy, comprising: 

depositing a layer of platinum or alloy thereof on the substrate and chemical vapor depositing aluminum on 
the platinum covered substrate under high temperature and low aluminum activity conditions, such that a 

10 diffusion aluminide layer is formed on the substrate that provides an outer aluminide layer region comprising 

a solid solution intermediate phase and an inner diffusion zone region proximate the substrate, wherein said 
intermediate phase has an average aluminum concentration in the range of about 1 8 to about 28% by weight, 
an average platinum concentration in the range of about 8 to about 35% by weight, and an average nickel 
concentration of about to 50 to about 60% by weight so as to be non-stoichiometric relative to intermetallic 

is compounds of aluminum and nickel, aluminum and cobalt or aluminum and platinum, said outer layer region 

being substantially free ofph^so constituents other than said intermediate phase, oxidizing the aluminide layer 
under temperature and oxygen partial pressure conditions effective to form an alpha alumina layer, and 
depositing a ceramic menrnal barrier layer ot the alumina ^ - * . ^ 

so 1 3. The method of claim 1 2, wherein the substrate Is a nickel-based superalloy and said intermediate phase resides 
in the beta solid solution intermediate phase region of the binary nickel-aluminum phase diagram. 

14. The method of claim 12? whereirrthe substrate is a cobalt-based superalloy and said intermediate phase resides 
in the zeta phase region of the btnaiy cobalt-aluminum phase diagram. 

25 < >''->"""v< "* ' 

1 5. The method of claim 1 2, wherein said outer layer region is formed to a thickness of about 2:54 to 76.2 micrometers 
(0.1 to 3.0 mite). 

- • c.w'-^asr • - c-k.-;- . " ' ■ ■ i. 

16. The method of claim 12, wherein said alumina layer is formed by heating the diffusion aluminide layer at a tem- 
30 peralure greater than 982.2 degrees C (1800 degrees F) at a partial pressure of oxygen less than 1 .33 10 4 Pa 

(lO^torr). * 'v^. + v f -.V--^-;-.- . = •" * " • y :? i> V ^;«-*c-v- , : ^ \ 

■ - . ;v < v^' \v> " 

17. Method of claim 12, wherein said ceramic thermal barrier layer is deposited by vapor condensation on said sub- 
strate so as to have a <^mr^"nfucroetructure. /; 


35 


40 


PatentansprCche 

1. Gegenstand zur Uerwendung in einer Gasturbine, umfassend: 


einSubstratausmmd^^ ** ! ' 

ere durch chemiscftee Autdampfen auf dem Substrat gebitiete Dfffusionsaluminkischicht, wobei die Atumt- 
nidschicht einen^uBe^ einer ats teste Losung vorOegenden Zwischenphase und einen 

n£chst dem Substr^j^tege^ hat, wobei die Zwischenphase eine durch- 

4B schnittliche AJurniniumkonzentrHtion im Bereich von etwa 18 bis etwa 28 Gew-%, eine durchschnitttiche Pla- 

tinkonzentration im Bereich von etwa 8 bis etwa 35 Gew.-% und eine durchschnittQche Nickelkonzentratbn 
im Bereich von etwa 50 bis etwa 60 Gew.-% aufwetst, sodaB sie bezOglich der intermetalischen Veibindungen 
von Aluminium und Nickel, Aluminium und Cobalt Oder Aluminium und Platin nichtstachbmetrisch ist, wobei 
der auSere Schjchtbereich im wesenttichen frei von anderen Phasenbestandteiten ate der Zwischenphase ist, 
so eine AlumirtunKOM^^ *v ^ v : ' 

und eine keramis<*Vwiim^ 

■ ~- ~ • - >;v 4- ■* ' 

2, GegenstarkinachA^^ 
imbirarenNkte^Alw 

55 iiegL T*r . \ - f ^3^^\ilti4tm0^ i&*.-u> rv* *L> " .sirr - * •<:&vs**>'k~ t. 

ru 3- rj±r \&$L'1\k-. : ... 1 ■ ■ *- • ^. . *. • > 

3. Gegenstand nach Anspruch 1, wem das Substrat eine SupertegierungautC^^ 
im2eta4^eSrttfefei^^^^«|^^ ^ 4 < 
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4. Gegenstand nach Anspruch 1 , worin der auBere Schichtbereich etwa 2,54 bis 76,2 Mikrometer (0,1 bis 3.0 mils) 
dick ist. 

5. Gegenstand nach Anspruch 1 , worin die keramische warmedammschicht eine saulenformige Mikrostruklur auf- 
5 weist. 

6. Gegenstand nach Anspruch 1 , worin die keramische Warmedammschicht abwechsetnde Schtchten von kerami- 
schem Warmedam material aufweist 

io 7. Gegenstand nach Anspruch 1 , worin die keramische Warmedammschicht Yttriumoxid-stabilisiertes Zirkoniumdi- 
oxid aufweist. 

8. Gegenstand nach Anspruch 1, worin die Aiuminiumkonzentration der Zwischenphase an der AuBenflache des 
auBeren Schichtbereichs am hochsten ist und die Platinkonzentration der Zwischenphase nachst der Dtffusions- 

T5 zone am hochsten ist 

9. Gegenstand zur Verwendung in einer Gasturbine, umfassend: 

ein Substrat aus einer Supertegierung-auf Nickelbasis, 

20 eine durch chemisettes Aufdampfen auf dem Substrat gebildete Diftusionsaluminidschicht wobei die Alumi- 

nidschtcht einen auBeren Schichtbereich mit einer ats teste Losung vortiegenden Nickel-Aluminium-beta-Zwv- 
schenphase und einen nachst dem Substrat getegenen inneren Diffusionszonenberech hat,- wobei die Zwi- 
schenphase eine durchschrtittBche Aiuminiumkonzentration im Bereich von etwa 18 bis etwa 28 Gew-%, eine 
durchschnittliche Platinkonzentration tm Beretch von etwa 8 bis etwa 35 Gew -% und eine durchschnftttiche 

2S Nickelkonzentration am Bereich von etwa 50 bis etwa 60 Gew-% aufweist, sodafl sie bezGgfich der hterme- 

tallischen Verbindungen von Aluminium und Nickel und Aluminium und Platin nichtstochiometnsch ist. wobei 
der auBere Schtchtbereich frei von anderen Phasenbestandteilen ais der beta-Zwischenphase ist, ^ * 
eine thermisch gewachsene aJprta-AiurrriniumoxidSchicht auf der Atuminidschicritund v 
eine keramische Warmedammschicht, tfie auf die Aluminiumoxidschicht aufgedampft istund-feine saulenfor- 

30 mige Mikrostruktur aufweist • * * '-** . 

10. Gegenstand nach Anspruch 9, worin der auBere Schichtbereich etwa 2,54 bis. 76,2 Affloometer (0,1 bis 3,0 mils) 

dickist * - '- ' r '—I'-. " * * 

£• • fc-'V.; -.- •■ ^.-^ - &L*&.T-L<* r \ 

3S 11. Gegenstand nach Anspruch 9, worin die keramische Warmedammschicht Yttriumoxk^etabflisiertes Zirkoniumcfi- 
oxid aufweist " ~~ . - 

12. Verfahren zur Bildung einer Wahnedammbeschichtung auf einem Substrat aus mindestens einer auf Nickel unoV 
Oder Cobalt basierenden Superlegierung, umfassend: 

Aufbringen einer Schicht Platin Oder Platinlegierung auf das Substrat und chemisches Aufdarrtpfen von Alu- 
minium auf das mit Platin bedeckte Substrat unter Becfingungen hoher Temperatur und niedriger Aluminium- 
aktMtat sodaBauf dem Substrat eine [misionsaluminidschicht gebifctet wird, welche einen auBeren Alurro- 
nid-Schichtbereich mit einer ais teste Losung vortiegenden Zwischenphase und einen nachst denrr Substrat 

45 getegenen inneren Diffusionszonenbereich vorsteht, wobei (fie Zwischenphase eine durchschnittliche Alumh 

niumkonzent ration im Bereich von etwa 18 bis etwa 28 Gew.-%. eine durchschnittliche Platinkonzentration im 
Bereich von etwa 8 bis etwa 35 Gew.-% und eine durchschnittliche hfickelkonzentration im Bereich von etwa 
50 bis etwa 60 Gew -% aufweist, sodaB sie bezuglich der intermetalfischen Verbindungen von Aluminium und 
Nickel, Aluminium und Cobalt Oder Aluminium und Platin nichtstochiometrisch ist wobei der auBere Schicht- 

so bereich im wesentlichen frei von anderen Phasenbestandteilen ais der Zwischenphase ist, * < 

Oxtdieren der Aluminidschicht unter Becfingungen der Temperatur und des Sauerstoff-Partialdrucks, die wirk- 
sam sind, um eine alpha-Atunwiumckte i - : V"" • ~ <f>9?*3* 1 1: 

AufbringeaelnerkefamischeniWar^ " Wjtfo 

ss 1 3. Verfahren nach Ahspruch 1 2. worin das Substrat eine Supertegterung auf Nfctelbasis est und die Zwischenphase 
im btnaren Nicke h Alum iniunvPhasendiagramm im Beretch der ais teste Losung vortiegenden beta-Zwischenphase 
tiegt 
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14. Vertahren nach Anspruch 12, worin das Substrat eine Supertegierung auf Cobattbasis ist und die Zwischenphase 
im Beretch des zeta-Phasenbereichs des binaren Cobalt-Aluminium-Phasendiagramms liegt. 

15. Vertahren nach Anspruch 12, worin der Sudors Schichtbereich sine Dicks von stwa 2,54 bis 76,2 Mikrometer (0,1 
bis 3,0 mite) aufweist. 

16. Vertahren nach Anspruch 12, worin die Aluminiumaxidschicht durch Erhitzen der Diffustonsaluminidschicht auf 
sine Ten^>eratur von mehr als 982,2°C (1800'F) bei einem Sauerstoff-Partialdfuck von weniger ais 1,33.10* Pa 
(10" 6 Tort) gebildet wird. 

1 7. Vertahren nach Anspruch 1 2, worin die keramische Warmedammschicht durch Dampf kondensation auf dem Sub- 
strat abgeschieden wird, sodaS sie eine sautentdrmige Mtkrostruktur aufwetst. 


Revendlcstions 

1. Article k utiliser dans un moleur k turbine k gaz, comprenant r : ■ t 

un substrat comprenant au moins Fun parmi un superaiOage & base de nickel et un superaliiage k base de - 
cobalt, , -.r • ; . - - - . ' ;\* w-s ,yv»" r ~ . — - ■- \ 

unecouche d'aluminiure de diffusion ddposee en phase vapeur^ pro<^6 chiniique formee sur to substrat, 
ladle couche d'aluminiure ayant une region de couc^e ext6rieure comprenant una phase intermeciiaire en 
solution sol'de et ayant une region de zone de dKi^w^i^Sroure &praximiteYdu substrat, ladite phase inter- 
mexfiaire ayant une concentration moyenne^cteiu^ 1B£ environ 28- 

% en poids, une concentration moyenro allant cfenviron 8 k environ 35 % en 

poids, et une concentration moyerme de nickel situtoldans la plage allant cfenviron 50 k environ 60 % en 
poids de taoon k 6tre non*stoechiom6trique en ce c^c»n^ intermdtalBques d'aluminium 

et nickel, cf aluminium et cobalt oud"aiumirtim 

merrt exempte de constituantsde phase auU " - - : 

une couche cfalumine sur la ccxiche d"a^nwiB, et r . 

une couche de barriere thermique ceramique depcsee sur la couche cfalumine. 

: * r c ' - \ - ~j^*&K*' ; 'C s . • - • . ^ ■ r?' *J 

2. Article selon la revendication 1 , dans lequel te substrat est un superafliage k base de nickel et ladite phase inter- x 
med'taire se trouve dans la region de phase intsrmdcfiaire en solutbn soide bdta du cfiagramme de phase btnaire 
nickelfeluminaj^^ * fv ^^--.ri- >: - .'-Vv-* • 

3. Article selon la revencficatbn 1, dans lequel ie substrat sat un-superalliage k base de cobalt et ladite phase Inter- 
m6dtatre se trouve dans la region de phase z&ta du diagrammed de phase btnaire cobaft&tfurnintum* ^ 7 ■ 

4. Article selon la revendlcation 1 , dans lequel ladite region de couche extdrfeure a une epaisseur cfenviron 2*54 k 
76,2 nwdmkt^ (PA k 3 ftrrifB): - »*-tw* - * r - 

* v? *rwp > * v :>.-•■ ' if-v^r- ■ ^> r^:k 5^ > . 

5. Article selon la revendlcation 1 , dans tequel ladite cooche de barriere thermique ceramique comprend une micros- . 
tructure ooJoroiaire. w*^^ n^if ■ 

_ i *r%* r tH' . •'^'•tv. r t / . » * ^«*; ip&&-< .'f«? ?r. > . • •'••'^ ■ ' > 

6. Article selon la revendication I rdahs lequel te«iite<»ucte de baniere memtique ceramique comprend des couches 
enaitemancedemat£riaudebarr&rem • 

- + . •. . . r * ■ r ; ifc**** :**> « . y - > , t : v • 

7. Article selon la revendication 1 , dans lequel la couche de barriere thermique ceramique comprend de la zlrconia 
stabBiste k Pyuria ^ " -'b^A^r^^'f^^' * * " - 

V' ' vr . t^'prl ■ ^>>^ % jfe?;*t^ |^*^ v * " ' ' ■ " r ' ' ' ; 

8. Article selon la revendication 1 , dans lequpl^la conpan tr afoon cM^ttium de ladite phase cntermecfiaire est maxi-f 
male au niveau tfune surface extdrieum.deilaf^-^g^ et ladite concentratioh de platine> 
de ladto phase irnenrn^diaire est maxin^e^ 

9. Article k utiliser dans un mdteur ^turbine k*gaz> coR^na^rr^jr^ - ^ r: ^ ^> > rc w 
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une couche d'aluminiure de diffusion deposee en phase vapeur par precede chimique formee sur le substrat 
ladite couche d'aluminiure ayant une region de couche exterieure comprenant une phase beta intermediaire 
en solution solide nickel/aluminium et une region de zone de diffusion interieure k proximite du substrat, ladite 
phase intermediaire ayant une concentration mcyennedfefcjminium situee dans la plage allant d'environ 18 k 

s environ 28 % en poids, une concentration moyenne de platine situee dans la plage allant d'environ 8 k environ 

35 % en poids, et une concentration moyenne de nickel situee dans ta plage allant d'environ 50 k environ 60 
% en poids de facon k dtre non stoechiometrique en ce qui conceme les composes intermetalliques d'alumt- 
nium et nickel et d'aluminium et platine, ladite region de couche exterieure etant exempte de constituants de 
phase autres que ladite phase beta intermediate, 

10 une couche d'a-atumine ayant subi une croissance thenmique sur la couche d'aluminiure, et 

une couche de barridre thermique cdramique deposee par metallisation sous vide sur la couche d'alumine 
pour avoir une microstructure colonnaire. * / * 

10. Article selon la revendication 9, dans lequel ladite region de couche exterieure a une epaisseur d'environ 2,54 k 
15 76,2 micrometres (0,1 k 0,3 mil). V< 

11. Article selon la revendication 9, dans lequel la couche de banftre thermique ceramique comprend de la zirconia 

stabilis6e k ryttria. I v\ /*. 'V . - ., t -, ^ / 

*- - ' ■ V .. <J'"\^ , 

20 12. Precede pour former un reydtement de barriere thermique sur un substrat qui comprend au motns run parmi un 
superaltiage k base de nickel et un superaltiage k basefefe cobalt; cc^reriint % ■;. •* 

la deposition d* une couche de platine ou d*un aliiage de cekii-ci sur le substrat et la deposition en phase vapeur 
par precede chimique cfaluminium sur le substrat recouvert de platine dans des conditions de temperature 

2$ eievee et de faible activite d'aluminium, de telle sorte qifune couche d'aluminiure de diffusion sort formee sur 

le substrat laquelle realise une region de couche d'aluminiure exterieure comprenant une phase intermediaire 
en soMkxi solide et une region de zone de diffusion interieure proche du substrat dans laquelle tadite phase 
intermediaire a une concentration moyenne d'aluminium situee dans la plage allant d'environ 1 8 k environ 28 
% en poids, une concentration moyenne de platine situde dans la plage allant d'environ 8 k environ 35 % en 

30 poids, et une concentration moyenne de nickel situee dans la plage allant d'environ 50 k environ 60 % en 

poids de facon k dtre non stoechiometrique en ce qui conceme les composes intermetalliques d'aluminium 
et nickel, d'aluminium et cobalt ou d'aluminium et pbtine. ladite region de couche exterieure etant pratiquement 
exempte de constituants de phase autres que ladite phase intermediaire, l r 

I'cxydation de la couche cf aJumtniure dans des axicfttiens dej^ de pression partielle cfoxygene 

35 efficaces pour forrrw;|^^ ^Jfe^^f^ > r i\ & . % - 

la deposition d'uneTccochejde bam6re themtique pehanique sur tawuchi d'alumine. 

13. Precede selon la revendkaffidn; 12, dans tequel le subslr^e^ un i sv^ral!iag0 6 base de nickel et ladite phase 
intermedaire se trouve dans ta region de phase intermedium en solution solide beta du dtagramme de phase 
binaire nietetfaluminiu^ v ~ : \ > -Sty r 
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14. Precede selon la revendication 12, dans lequel le substrat est un superalliage k base de cobalt et ladite phase 
intermedaire se trouve cfcRs la region de phase zfita du dtagrarnme de phase binaire cctoatt/aluminium. 

45 15. Precede selon la revendteticntii dans lequel ladite re^ de cbuche exterieure est form6e en une epaisseur 
cfenvircxi 2>4^ 76,2 micrCfT^res (0,1 6 3,0 mite) — * -f* ' , r 

16. Precede selon la revendication 12, dans lequel ladite couche rfajumine est formee par chautfage de la couche 
d'aluminiure de diffusion & une temperature superieure k 982^C (1800!F) sous une pression partielle cfoxygene 

so inferieuie & 1,33.10^ F^(1^.tpii). ^ 

17. Precede sebn la revendication 12; dans lequel tadfte cooche de barridre thermique c6ramtque est deposee par 
condensation de vapeur sur ledit substrat de facon k avoir une microstructure colonnaire. 

55 ' - ■ 
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